
Dr. H. W. Loeb, St. Louis : It seems to me that Dr. Wilson
has gone even farther than Fraser in establishing some sort
of organic basis for all of these conditions. I notice that in
referring to the work of Bourgeoise and Sourdille, they
claimed that when the shell explosion is in the open, unilateral
deafness results, whereas if it is in an enclosed space, as in
the trenches, it is likely to be bilateral. I would like to ask
Dr. Wilson what he knows about this.
Dr. Samuel D. Higgins, Milwaukee : I think it might be

interesting to report a case of unilateral deafness that occurred
in Milwaukee a few years ago when the McNamara brothers
blew up a large coal bin. This man was injured by the explo¬
sion; only one membrane was ruptured, however. He had no

deafness and no difficulty in the ear which was apparently not
affected. The ear in which the drum was ruptured suppu¬
rated, but only for about two weeks. His main difficulty was
shock. He was frightfully nervous and the best aid was the
first aid which was given to him six hours after the explosion
occurred.
Dr. J. Gordon Wilson, Chicago : The ear protector I have

shown will soon be on sale. All at present made have either
been sent to the ordnance department or to France. Rubber
or some plastic material such as wax molded into the external
ear undoubtedly hinders concussion deafness, but these also
block the entrance to sound waves and the soldier is thereby
prevented from hearing orders. Regarding the benefit to be
anticipated from ear protectors in the prevention of some

forms of shock I can give no opinion, though I believe that
very possibly they will be of use.

PREVENTION OF PNEUMONIA
RUFUS COLE, M.D.

NEW YORK

Last autumn little attention was given to pneumonia
as a probable menace to our newly formed army. The
reports of only moderate or slight incidence of pneu-
monia among the French and English armies gave a

feeling of security concerning this disease. We were

not without warnings, however, for even in times of
peace pneumonia had been the most fatal of the acute
infections among soldiers, as it is among the civilian
population. The experience of the troops along the
Mexican border during the preceding year had also
given some indication of the danger of this disease.
With the onset of colder weather, in October, the prev-
alence of pneumonia among the troops became serious.
During November and December it became alarming,
and in certain camps it reached epidemic proportions.
Its prevalence among the soldiers has not yet entirely
ceased, even with the coming of warm weather. Pre-
vious experience, however, indicates that it will prob-
ably become less during the summer, but unless
preventive measures are found and properly instituted,
we run the risk of a repetition next winter of the
experience of this. It is very fitting, therefore, that
we devote a short period to the discussion of the
measures for prevention of this disease. Time will
not permit a review of all the details of preventive
measures, and I shall therefore limit my remarks to
a consideration of the principles involved.
A year ago, a discussion of this subject would have

embraced only a consideration of the prevention of
acute lobar pneumonia due to pneumococcus. War
causes rapid and unexpected changes. During the
past few months, the experience in our army camps
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has entirely changed our point of view. Today, in
considering this question, not only must we consider
acute lobar pneumonia, but we must also include in
our discussion broncho or lobular pneumonia having
an entirely different etiology.

The fact that two distinct diseases existed in our

camps was not at once generally recognized, and even
in the camps where this knowledge has existed, it has
not always been possible clearly to differentiate the
cases of the different kinds. Consequently, the rela¬
tive incidence of the two varieties of pneumonia dur¬
ing this first year of the war will never be known.
Both kinds of pneumonia have prevailed in most of the
camps, frequently simultaneously. Fortunately knowl¬
edge concerning the methods of differential diagnosis
is now much more widespread than it was last winter,
the laboratories are better equipped and better organ¬
ized, and in the future the different kinds of acute
pulmonary infection will undoubtedly be better dif¬
ferentiated, with a corresponding gain in our knowl¬
edge of epidemiology and mode of distribution.
Our consideration of the prevention of pneumonia

will probably be rendered more clear by an independent
consideration of the two diseases, for they must be
considered such, at least from the standpoint of
prevention.

ACUTE LOBAR PNEUMONIA DUE TO
PNEUMOCOCCUS

The pneumococcus is a widely distributed organism
in the mouths of healthy individuals, and since it sur¬
vives for considerable lengths of time in dust, great
opportunities exist for its widespread distribution,
especially when persons live in close association.
A most important question, therefore, is, do persons

acquire the disease because they receive the bacteria
into their mouths, or on their respiratory mucous sur¬

faces, or is the important etiologic factor something
antedating this, something which causes a change in
susceptibility of the host either local or general? Does
infection then occur with those organisms in the mouth
which have the greatest tendency to grow parasitically ?
It is obvious that the answers to these questions are of
great importance as regards prevention, for in the one
case, the chief attention must be given to measures
for preventing the distribution of the infectious agent,
and in the other, this is of little importance, and the
chief attention must be given to the factors influencing
resistance.

So long as all pneumococci were considered identi¬
cal, we indeed had little justification for attempting to
limit pneumonia by preventing the spread of the infec¬
tious agent itself, but were driven to the conclusion
that the only factor of importance was the resistance
of the individual. The demonstration, however, that
pneumococci are not all identical, that the types respon¬
sible for two thirds of the cases, and these the more
severe, are found only in the mouths of those sick
of the disease, in the dust in their immediate environ¬
ment, and in the mouths of a very limited number
of healthy carriers who have been in close association
with these patients, at once justifies attempts to pre¬
vent pneumonia by limiting the distribution of these
more parasitic types of pneumococci. So far as pneu¬
monia due to these types of organism is concerned,
the conditions do not differ essentially from those
in diseases like diphtheria or cerebrospinal fever, in
which the acquiring of the infectious agent is con¬
sidered of primal importance. Healthy carriers of

Downloaded From: http://jama.jamanetwork.com/ by a New York University User  on 05/31/2015



the organism causing these diseases also are known
to occur in considerable numbers. It is true that in
pneumonia, due to these types of pneumococci, direct
infection of one patient from another is not nearly
so often obvious as it is in the» case of diphtheria,
for instance. All physicians who have had much
experience with pneumonia, however, have seen exam-

' pies of contact infection, and recently special studies
have demonstrated the not infrequent association of
cases due to pneumococci of the same type. This
evidence seems sufficient to justify the attempts to pre¬
vent the spread of infection from patients sick with
these types of pneumonia, provided this can be done
without too great an expenditure of effort and expense.

There exists, moreover, further justification for the
employment of this kind of preventive measures, even
tin all types of lobar pneumonia. It has long been
known that the best way to render bacteria virulent
for any species of animal is repeatedly to pass the
bacterium through such animals, with each passage
inoculating sufficient numbers of the bacteria to cause
severe infection. We have no means of testing the
virulence of a given race of pneumococci for man,
since the virulence for different species does not run

parallel ; but supposing that the virulence of a given
mouth strain is not very great for man, it is obvious
that causing human infection may render it more path¬
ogenic and invasive for the human species. Hence,
if pneumococci from patients suffering from pneu¬
monia are taken into the respiratory tract of healthy

.

individuals, they are more likely to produce severe
infections than are organisms that have been leading
a more or less saprophytic existence. More stress
than previously, therefore, should be laid on preventing
the dissemination of pneumococci from patients sick of
the disease.

ISOLATION AND VACCINATION

On the other hand, common experience indicates that
the factor of lowered resistance cannot be neglected.
It is true that here we are dealing with questions for
the solution of which direct or experimental evidence
is difficult or impossible to obtain. Acute lobar pneu¬
monia prevails to the greatest extent in cold, stormy
weather. In the army there have undoubtedly
occurred much exposure and fatigue among the men
who have suddenly changed their habits of life. In
the prevention of pneumonia, therefore, measures to
prevent undue exposure and lowering of resistance
should be instituted, and in addition, isolation of pneu¬
monia patients should be carried out to as great an
extent as is practicable. In addition to these methods,
however, there exists another possible way of prevent¬
ing acute lobar pneumonia, which, if successful, would
probably render all the other measures unnecessary.
I refer to vaccination. Animal experimentation now

gives a rational basis for this procedure,, at least as
far as Types I, II and III are concerned. The first
important studies in this direction have been made by
Lister in South Africa, where pneumonia among the
natives working in the mines has for many years
been a serious matter. He has now carried out pre¬
ventive inoculation on a large number of men with
striking and definite results. During the past winter,
Cecil and Austin, working at the Rockefeller Institute
and at Camp Upton, have conducted investigations
as to the best method of preparing vaccine, the proper
dosage to employ, etc., and have vaccinated more

( than 12,000 soldiers. Although sufficient time has not

yet elapsed to make the results conclusive, it" is of great
significance that while a considerable number of cases
of pneumonia have occurred among the uninoculated
men in this camp, not a case of pneumonia due to
pneumococci .Types I, II or III has occurred among
the inoculated men, the latter having received vaccine
containing these types of pneumococci. Certainly the
results obtained are sufficiently promising to justify the
trial of this procedure on a much larger number of
soldiers during the coming winter.

STREPTOCOCCUS PNEUMONIA

Only during the past winter has much attention been
given to this form of disease as affecting large num¬
bers of adults or occurring in epidemic proportions.
So far as can be determined, the bronchopneumonia
which has existed so widely in the camps has been due
to one organism, a hemolytic streptococcus. Reports
of the occurrence of pneumonia due to nonhemolytic
streptococci have been sent in from various camps,
but these demand verification. All the streptococci
isolated have not been identical in their power to fer¬
ment the various sugars, and they have differed to a
less degree in the appearance of the colonies formed by
them. Whether these differences are important is not
yet certain, but it seems that these properties are not
entirely fixed and therefore are not, strictly speaking,
diagnostic ones. It is not yet known whether all
these organisms are immunologically identical. It is
obvious that knowledge concerning the identity or non-

identity of the different strains is of very great import¬
ance from the standpoint of prevention. If the organ¬
isms are all the same, the problem is relatively simple.
If, however, they are not identical, we must consider
that the essential factor in inducing the epidemic was

something apart from the organisms themselves. More¬
over, if we are dealing with an infection due to a

group of organisms, the study of carriers and the
tracing of the spread of the disease will be rendered
most difficult. The difficulties will be greater still,
if it should be found that certain hemolytic strepto¬
cocci identical with those causing the disease, but
having no pathogenic properties for man, exist widely
distributed outside the human body, and are also
present as harmless saprophytes in the throats of very
many healthy individuals.
It may be stated, however, that all the observers

who have had much experience in the study of the
flora of normal throats agree that actively hemolytic
streptococci are found only with the greatest rarityin normal throats, except in the presence of epidemics
of the so-called streptococcus sore throat, or strepto¬
coccus pneumonia. It is known that hemolytic strep¬
tococci do exist very frequently in milk, even in milk
which is produced under the very best conditions,
and also in milk products, such as cheese and butter.
Intensive study, however, is showing that these strep¬tococci, which have been described as of the bovine
type, may be differentiated in practically all cases
from those of the variety pathogenic for man, which
has been called the human type. This differentiation
is not entirely without difficulty, but with increasing
knowledge is becoming more and more easy. In the
epidemiologie studies that have been carried out in
the army so far, great attention has not been paid to
the differentiation of these two types, but this is prob¬ably not of extreme importance, since experienece
shows that streptococci of the bovine types are not
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frequently found in human throats, certainly not in
large numbers. At present, therefore, we seem justi¬
fied in considering persons who harbor large num¬

bers of actively hemolytic streptococci in the throat as

potential carriers of this disease. The persistence of
these human streptococci outside the body in dust,
in dried sputum, etc., has not yet been carefully
investigated. It is known that they are tenacious of"
life, however, are resistant to drying and other dele¬
terious influences. The possibility of infection through
food should not be disregarded, especially since
it is generally held that the epidemics of strepto¬
coccus sore throats are spread in this way. In view
of the fact which I have previously stated, however,
that hemolytic streptococci of the bovine type are very
frequently found in milk, great care must be taken
to avoid the confusion which may arise by the isolation
of these streptococci from milk or milk products and in
mistaking them as responsible for the epidemic.
That the infection starts in the respiratory tract

and is a descending one seems most probable, since
blood infection occurs apparently only late in the dis¬
ease. Our present knowledge indicates that the infec¬
tious agent is spread by fairly direct transfer of the
infectious agent from the patient sick of the disease
or from healthy carriers, either by droplet infection
or by the bacteria carried in particles of dust. In the
presence of an epidemic, there can be no question that
many healthy carriers exist. The number of these
vary under different circumstances, apparently depend¬
ing on the degree of crowding and close personal con¬

tact. The number of healthy carriers of any patho¬
genic organism is apparently related to the virulence or

invasiveness of the given organism and to the preval¬
ence or lack of immunity on the part of the individual
coming in contact with the infection. In the case of
diphtheria, the wide prevalence of immunity in man

offers an explanation for the large number of healthy
carriers. At present we have no means of testing
immunity to streptococci. The pathology of the dis¬
ease, however, suggests that the organisms are not
highly invasive for man, that they take root and grow
in man with difficulty and even when once established
they do not intensively invade the human tissues. If
such an apparent contradiction of terms is allowable,
they are highly fatal to man but not extremely virulent
for man.

EPIDEMICS OF MEASLE.S
There seems little doubt that the present epidemic

among the soldiers started with infection of patients
suffering from, or convalescent from, measles. This
disease seems to render the respiratory mucous mem¬

brane especially susceptible to secondary infection,
particularly with the streptococcus. Similiar epidemics
of this form of infection are not unknown. Indeed,
the almost invariable occurrence of pneumonia among
children in crowded foundling and orphan asylums,
and even in hospitals not conducted with the greatest
care, has long been known by pediatricians and public
health officials, and has led to the adoption of the
general rule that children with measles should be
treated in homes rather than in hospitals, even though
the home conditions are unsanitary and unsatisfactory.
Probably in our army hospitals, at first at least, infec¬
tion occurred mainly within the hospital itself. Very
good evidence of this fact we obtained, first, by study¬
ing in one of our army hospitals the prevalence of
hemolytic streptococci in the throats of patients

admitted to the measles wards, and then later, by
observing the appearance of these organisms in the
same throats after the patients had been in the wards
some days. While on admission only about 11 per
cent, of the throats showed the presence of these
organisms, after the patients had been in the wards for
from eight to fourteen days, between 50 and 60 per
cent, of the patients harbored hemolytic streptococci
in their throats. At this camp, however, both measles
and the bronchopneumonia associated with it, had pre¬
vailed for several months before these studies were
made. Moreover, in this camp evidence was obtained
showing that this streptococcus pulmonary infection
was occurring not only in the patients suffering from
measles, but that patients with acute lobar pneumonia
due to pneumococcus were being secondarily infected
with streptococci, and thereby a disease of only mod¬
erate severity was changed into one of extreme gravity.
At this camp it did not appear that the disease

was occurring primarily, or that healthy individuals
were being attacked. Since my return'to New York,
however, cases have been seen among civilians in
which the infection was apparently primary, entirely
unassociated with any preceding infection. Dr. Mac-
Callum, who was associated with me in the previous
studies I have mentioned, has lately studied an epi¬
demic in another camp and in a report not yet pub¬
lished states that in most of the cases seen there, no
association with measles could be discovered. In a

report which has just appeared by Fox and Ham¬
burger from Camp Zachary Taylor, these writers are
inclined to consider the two epidemics, that of measles
and that of streptococcus bronchopneumonia, as occur¬

ring coincidently but more or less independently.
Nevertheless, it seems probable that, without the
extensive occurrence of measles, the streptococcus
pulmonary infections would never have reached the
widespread prevalence they have obtained. Even
with the risk of indulging in unwarranted theorizing,I cannot help suggesting that the epidemic started
as a streptococcus infection in the respiratory mucous
membrane of measles patients. The streptococci, rap¬
idly increasing in virulence, were then able to attack
patients suffering from other respiratory diseases such
as lobar pneumonia ; and finally the streptococci have
acquired such virulence that now even healthy persons
may be infected. The conditions are not at all unlike
those obtaining in epidemics of septic wound infection
and puerperal fever as formerly seen in hospitals, in
which at times there occurred a rapid increase in viru¬
lence of the infecting streptococci, with resulting sud¬
den and widespread prevalence of this type of infec¬
tion.

MEASURES TO PREVENT INFECTION
While our knowledge is far from sufficient to per¬

mit dogmatic statement, it seems probable that the
efforts to prevent and to limit this disease should con¬
sist, first, in the institution of special precautionary
measures to prevent the infection of those persons in
whom a high degree of susceptibility exists, especiallypatients with measles, lobar pneumonia and other
respiratory infections ; and second, since the strep¬
tococci are present in greatest numbers and are most
virulent in patients already suffering from the disease,
in endeavoring to obtain an etiologic diagnosis m
these patients at the earliest possible moment, and in
isolating them as rigidly as possible. A third measure
which would be of the greatest value, just as it has
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proved to be in the prevention of typhoid fever, and
may be in the prevention of lobar pneumonia, is pre¬
ventive inoculation. In the case of streptococcus, this
is apparently not so simple as it might appear at first
sight. Little is known concerning immunity to strep¬
tococci, and this little indicates that this immunity
is much more difficult to induce artificially than is
immunity to pneumococcus, for instance. It is not
at all impossible, however, that with further investi¬
gation, proper methods for producing this immunity
may be discovered. Finally, the detection and the iso¬
lation of healthy carriers, while theoretically of great
importance, seem at present impossible and imprac¬
ticable tasks. By avoiding crowding and by inculcating
in the men by education a sense of propriety in caring
for their nasal and oral secretions, just as they have
been taught not to distribute feces and urine indis¬
criminately, much may be done to lessen the danger
of the healthy carrier. Convalescents from the dis¬
ease probably carry streptococci of high virulence and
are therefore of great danger. Isolation of such per¬
sons until examination of the throat shows great
freedom from these organisms should not be impossi¬
ble. Protection of the soldier from influences which
may lower his general resistance, such as exposure and
undue fatigue, at least during the early period of
training, is also undoubtedly of importance.

Emphasis should be laid on the matter of early
diagnosis and especially the matter of proper isolation
of cases of infectious disease, since these measures,
as I have indicated, are essential for the prevention of
the disease under discussion, as well as of all other
communicable, acute, infectious diseases. For these
measures to be carried out there are three essentials :

first, knowledge by the surgeons of the early signs and
symptoms in those diseases in which diagnosis is made
by these features alone, notably the exanthemata ;
second, well-equipped laboratories in which etiologic
diagnoses may be properly made (this applies espe¬
cially to pneumonia and to diseases like diphtheria) ;
third, properly organized infectious disease hospitals.
It is not as well recognized as it should be that an
infectious disease hospital requires a special organiza¬
tion, quite different from that of the general hospital.
The great majority of medical patients treated in the
camp hospitals are suffering from infectious and con¬
tagious diseases. These patients cannot be properly
isolated in a general hospital. Therefore every camp
hospital should consist of two divisions, one for infec¬
tious diseases and one for noninfectious diseases.
Patients for admission to the former should be kept
entirely separated from those to be admitted to the
latter.

The personnel of the infectious disease hospital
should be distinct from that of the general hospital.
The infectious disease hospital should be supplied with
separate receiving rooms, should have observation
wards with individual rooms for patients, and should
have a group of wards for each infectious disease.
With a well and specially trained head and an intelli¬
gent staff, the spread of infections in such a hospital
could be prevented. All pneumonia cases, those due
to pneumococcus as well as those due to streptococcus,
should be treated in such a hospital. So far as possi¬
ble, patients suffering from pneumonia due to the
different types of pneumococci should be treated in
different wards. Patients suffering from strepto¬
coccus infections should be rigidly isolated. Measles
and pneumonia patients having hemolytic streptococci

in their throats should not be placed in the same
wards or rooms with those not carrying such organ¬
isms.
All this may sound Utopian and fanciful to some of

you, who will therefore be surprised to hear that these
measures are already being carried out, at least in a
somewhat modified form, in more than one camp. In
•one camp where the measles cases carrying strepto¬cocci have been carefully isolated from the so-called
"clean measles cases," complications among the latter
have been practically eliminated.

CONCLUSION
I should like to emphasize the fact that acute lobar

pneumonia is an endemic disease, while streptococcus
bronchopneumonia occurs chiefly in epidemic form.
The reason for this is that streptococci are extremelyvariable in their pathogenic properties. Dr. Theobald
Smith has drawn attention to the fact that strepto¬
coccus infections in animals are not self-perpetuating.They occur as epidemics, mainly as secondary, not
primary infections. This is also true in man. A
suitable soil is necessary. Given this, streptococci
rapidly gain in virulence. Every new case of infec¬
tion adds not only to the extent but also to the intensityof the epidemic. In streptococcus pneumonia, the
epidemic of measles provides the proper soil. Measles
in the army probably cannot be prevented. It is
possible, however, that in any one place, the number
of cases occurring at one time may be limited. Finally,the time to stop streptococcus bronchopneumonia is at
the beginning of the epidemic. Later, this becomes
extremely difficult. By the introduction, early in the
epidemic, of measures such as I have mentioned,
much may undoubtedly be done to lessen the incidence
of this serious disease.

CONTROL OF MENINGITIS
SIMON FLEXNER, M.D.

NEW YORK

Fortunately the problem presented by meningitis
among our armed forces during the past winter has
been smaller than that relating to pneumonia. But
the conditions were not without their own degree of
seriousness. At this moment we are facing the assem-
bling of another large body of troops, and possiblythe assembling may be repeated many times before the
war is brought to an end.

Hence we shall doubtless find ourselves in the situ-
ation of having perpetually to guard against the prev-alence of epidemic meningitis on a larger or smaller
scale. Fortunately, we are in a favorable positionwith reference to that disease, since we know its bac-
terial cause and its mode of infection, and possess
adequate methods of detecting the meningococcus.There may be differences of opinion as to just what
part the ordinary healthy carrier of the meningococcus
plays in initiating an outbreak of meningitis, but no
one disputes the fact that without carriers of menin-
gococcus, either healthy or sick, there could be no
spread of disease.
From this, it seems obvious that we command as

many of the factors controlling the disease as possible.
The meningococcus is, of course, the essential and
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